The study reported here investigated the rates of systemic serious adverse events (SAEs) following treatment with intravitreal bevacizumab for age-related macular degeneration (AMD) in comparison with a matched control group. Methods: A retrospective age-and sex-matched case-control design was used. Data were collected using patient charts and telephone surveys. The main outcome measure was difference in number of hospital admissions between the two groups. Hospitalizations were further analyzed according to whether or not they were due to arteriothrombotic SAEs. Results: Each group comprised 65 participants. There were significantly more hospital admissions among bevacizumab-treated patients than in the control group (P = 0.039). Sub-analysis of hospitalizations due to arteriothrombotic causes did not reveal a statistically significant difference between groups (P = 0.629).
Introduction
Age-related macular degeneration (AMD) is the leading cause of irreversible severe central visual acuity loss in people over 50 years of age in the developed world. 1 The disease affects more than 30% of the population over 75 years of age. 2 Approximately 20% of patients with AMD advance to the exudative stage and develop choroidal neovascularization, which is responsible for almost 90% of severe vision loss in this disease. 3, 4 The current mainstay treatment for exudative AMD is intravitreal injections of anti-vascular endothelial growth factor (anti-VEGF) agents. Large-scale, prospective, randomized, controlled multicenter studies have established the efficacy of ranibizumab (Lucentis ® , Genentech, San Francisco, CA, USA) in the treatment of neovascular AMD. 5, 6 Ranibizumab is a monoclonal antibody fragment derived from bevacizumab (Avastin ® , Genentech/Roche, Basel, Switzerland), a humanized monoclonal antibody that inhibits VEGF-A and was first approved by the US Food and Drug Administration in 2004 for metastatic colon cancer. 7 Ranibizumab has a stronger binding affinity to VEGF-A but a shorted half-life in animal models, 8, 9 and has been approved by the US Food and Drug Administration for the treatment of neovascular AMD. However, bevacizumab has been extensively and effectively used off-label for this indication, mostly for economic reasons. 10 Recently, the results of two large-scale, multicenter, randomized, controlled comparative studies have demonstrated that bevacizumab is non-inferior to ranibizumab in its effect on visual acuity when administered according to the same regimen. 11, 12 These results support the use of bevacizumab, and it is therefore expected to be used more frequently in the future.
Systemic intravenous treatment with bevacizumab in patients with metastatic cancer is associated with an increased risk of thromboembolic events. 7, 13, 14 Ranibizumab is only used intravitreally. Both drugs are associated with ocular adverse events, which are very rare and may be related to complications of the injection rather than the specific agents. These ocular adverse events include endophthalmitis, intraocular inflammation, increased intraocular pressure, vitreous hemorrhage, retinal detachment, retinal pigment epithelial tears, and cataract. 5, 6, 15, 16 The dose of bevacizumab in intravitreal injections is approximately 420 to 500 times smaller than that used systemically. It has been theorized that its systemic penetration from the vitreous cavity is limited by the blood-ocular barrier, although this may be compromised by choroidal neovascularization. 17, 18 Several studies have shown that intravitreal injection of bevacizumab has greater systemic penetrance and effect than ranibizumab. 8, 9, 19, 20 It has also been shown that systemic levels of VEGF are lower in patients treated with bevacizumab than in those treated with ranibizumab. 12, [21] [22] [23] The aforementioned comparative studies of the efficacy of these two agents in the treatment of AMD were insufficiently powered to detect differences in SAEs between them. 11, 12 However, although unproven, there is general concern among practicing ophthalmologists that treatment with bevacizumab may be associated with a higher risk of SAEs, especially arteriothrombotic SAEs, due to its greater systemic penetrance. Therefore, the purpose of the study reported here was to investigate whether there is an increase in systemic SAEs following treatment with intravitreal bevacizumab for AMD in comparison with a matched control group.
Materials, methods, and subjects
Patients included in this study were recruited from the database listing patients who underwent intravitreal injections or cataract extraction procedures in our department between January 1, 2006 and December 31, 2008.
The study group included patients who received their first intravitreal injection of bevacizumab during this period for the treatment of exudative AMD. The medical records of these patients were retrospectively reviewed, and patients were excluded if they were treated for any indication other than AMD, had also been treated by intravitreal ranibizumab or systemic bevacizumab, or if they had less than 12 months of follow-up.
The control group was designed to match the study group in terms of sex and age. This group included patients who underwent cataract extraction during the same period but who did not receive any anti-VEGF-agent treatment.
Data were retrieved from outpatient clinic charts, hospital admission and discharge letters, and a telephone questionnaire focused on hospitalizations and SAEs that occurred during the follow-up period (Table 1) . Recorded parameters for each patient included demographic information, number of bevacizumab injections, background illnesses and medical conditions, and the occurrence of any hospitalizations during the follow-up period. Follow-up time was calculated as the period between the bevacizumab injection or cataract extraction and the time of completion of the questionnaire.
The main outcome measure of this study was hospital admissions. Hospitalizations were further categorized according to their reason being arteriothrombotic or not. Arteriothrombotic reasons included myocardial infarctions, The institutional review board of our institution approved the study, and all patients received a verbal explanation of the study and verbally expressed their consent to participate prior to completing the telephone questionnaire.
Correlations between continuous variables were analyzed using Pearson's correlation coefficient, and Chi-square tests were used to analyze associations between categorical parameters. Data were analyzed using SPSS for Windows (v 17.0; IBM, Armonk, NY, USA). A P value of 0.05 was used to declare statistically significant difference between groups.
Results
Ninety patients who received intravitreal injections of bevacizumab were randomly selected from the database list. Of these, 65 patients fulfilled the inclusion criteria and were included in the study. A control group of 65 sex-and age-matched patients was selected from the database list of patients who underwent cataract extraction.
Both groups included 24 men (36.9%) and 41 women (63.1%). Mean age was 80.43 ± 7.61 years in the bevacizumab-treated group and 80.28 ± 7.49 years in the control group (P = 0.908). Mean follow-up was 24.0 ± 5.6 months for bevacizumab-treated patients and 26.3 ± 2.8 months for the controls (P = 0.766). Throughout the follow-up, bevacizumab-treated patients underwent a mean of 5.1 ± 4.1 injections (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . There were no statistically significant differences in any background medical conditions between the patients in both groups, except for a higher rate of chronic renal failure in the control group (Table 2) . No deaths were encountered in this study.
Overall, there were more hospital admissions in the bevacizumab-treated group. During the follow-up period, there were 21 hospital admissions among the 65 patients (32.3%) in the study group compared with ten hospital admissions among the control patients (15.3%). This difference was statistically significant (P = 0.039). However, further analysis revealed that only a minority of these hospital admissions was due to arteriothrombotic events. Arteriothrombotic events were the reason for the hospitalizations of three (4.6%) patients who were treated with bevacizumab and one patient (1.5%) from the control group. This analysis was not found to be statistically significant (P = 0.629).
Discussion
The results of this study indicate that patients treated with bevacizumab had more systemic SAEs than their age-and sex-matched counterparts in the control group. Arteriothrombotic SAEs were slightly more common among patients treated with bevacizumab, but this difference was not statistically significant. As far as the authors are aware, this is the first study to have compared the rate of systemic SAEs of intravitreal bevacizumab with a matched control group and for a period of over 2 years of follow-up.
In the Comparison of AMD Treatments Trials (CATT), patients treated with bevacizumab had more systemic SAEs than with ranibizumab. However, the majority of these SAEs were hospitalizations, mostly for reasons unrelated to the anti-VEGF therapy, and the proportions of patients who suffered arteriothrombotic SAEs were similar for both drugs. 11 In the alternative treatments to inhibit VEGF in age-related choroidal neovascularisation (IVAN), both drugs were associated with similar rates of SAEs, and arteriothrombotic events were less frequent among patients treated with bevacizumab.
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A meta-analysis by van der Reis et al revealed that, overall, systemic SAEs were lower for intravitreal bevacizumab than for ranibizumab and pegaptanib. 24 Overall, it was concluded that there is no sufficient evidence to prove there is a difference in rates of adverse events between these anti-VEGF drugs.
A comparative study of the systemic SAEs associated with intravitreal bevacizumab would require a very large cohort, and this has not been undertaken. Systemic bevacizumab has been associated with arteriothrombotic complications, 7, 13, 14 and intravitreal bevacizumab has been shown to have systemic penetration. 8, 9, 19, 20 However, despite these facts, its intravitreal administration has not been associated with arteriothrombotic SAEs. The findings of our study are in accordance with the data accumulated in previous studies and suggest that the risk for arteriothrombotic SAEs associated with bevacizumab therapy for AMD is low. It should be noted that the overall rate of hospitalizations was higher among patients treated with bevacizumab in our study. This finding is similar to that of the CATT study, 11 but its clinical significance is unclear, since most of the hospitalizations were due to reasons unrelated to the anti-VEGF therapy. It should also be noted that an association between cardiovascular disease and AMD has been suggested, 25, 26 and this may serve as a confounding factor for the risk of thromboembolic events after intravitreal treatment with bevacizumab. Further, the rare occurrence of some SAEs may simply be coincidental. 24 
Limitations
A limitation of this study is its relatively small size. Although previous larger studies were also underpowered to evaluate SAEs associated with intravitreal bevacizumab, this study is unique in its design, and evaluated this important issue from a new perspective. Another limitation is the use of a questionnaire, which may have led to a recall bias.
Conclusion
Our results suggest a low risk for arteriothrombotic SAEs with administration of intravitreal bevacizumab for AMD. Although hospitalizations were more common in these patients, the clinical importance of this finding is unclear. Multicenter, randomized, controlled studies powered to investigate systemic SAEs of intravitreal bevacizumab as well as ranibizumab need to be initiated in the future. In the meantime, we suggest that the use of intravitreal bevacizumab appears to be systemically safe.
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